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Abstract
Aims—To examine the relation between
birth weight and cognitive function at
age 11 years, and to examine whether
this relation is independent of social
class.
Methods—Retrospective cohort study
based on birth records from 1921 and
cognitive function measured while at
school at age 11 in 1932. Subjects
were 985 live singletons born in the
Edinburgh Royal Maternity and Simpson
Memorial Hospital in 1921. Moray House
Test scores from the Scottish Mental Sur-
vey 1932 were traced on 449 of these chil-
dren.
Results—Mean score on Moray House
Test increased from 30.6 at a birth weight
of <2500 g to 44.7 at 4001–4500 g, after cor-
recting for gestational age, maternal age,
parity, social class, and legitimacy of
birth. Multiple regression showed that
15.6% of the variance in Moray House Test
score is contributed by a combination of
social class (6.6%), birth weight (3.8%),
child’s exact age (2.4%), maternal parity
(2.0%), and illegitimacy (1.5%). Struc-
tural equation modelling confirmed the
independent contribution from each of
these variables in predicting cognitive
ability. A model in which birth weight
acted as a mediator of social class had
poor fit statistics.
Conclusion—In this 1921 birth cohort,
social class and birth weight have inde-
pendent eVects on cognitive function at
age 11. Future research will relate these
childhood data to health and cognition in
old age.
(Arch Dis Child 2001;85:189–197)
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Intelligence is determined by a combination of
genetic and environmental influences, the
relative contributions of which are not yet
established, and may vary over the lifespan.1
Environmental influences originate while the
fetus is developing in utero. The “fetal origins”
or “programming” hypothesis2 3 proposes that
these influences cause permanent changes in
the developing child, resulting in low birth
weight, and a predisposition to chronic disease
in adult life. The mechanism of this relation
is suggested to be fetal undernutrition, with
even brief periods of undernutrition during
critical periods of rapid cell division causing
permanent changes in various organs.2
Malnutrition in utero aVects brain develop-
ment,4 and the relation between birth weight
and cognitive function has therefore been
studied.
It has been known for many years that “low
birth weight” or intrauterine growth restricted
babies fare less well on various measures of
mental development in later life.5 Many stud-
ies have compared low birth weight babies
(<2500 g) with controls, showing impairment
in various neurodevelopmental tests up to age
11.5–7 Recent large longitudinal cohorts have
allowed assessment of the relation between
birth weight diVerences within the normal
range and later diVerences in cognitive
function.8–11 These show that lower birth
weight is associated with lower scores on tests
of cognitive function at age 8 in the general
population,8 and at age 17–18 in army
recruits.9 10 A relation between birth weight
and cognitive function was also seen through
childhood to middle life,8 but was largely
explained by the influence of birth weight on
cognition at 8 years. A study of older adults
(mean age 60.9), which estimated early life
mental ability, found the association between
birth weight and cognitive function to be
not significant11 (corrected for age and
social class). Martyn et al therefore suggest
that fetal growth is less important than genetic
factors and postnatal environmental influ-
ences in determining adult cognitive perform-
ance.11
A recent review concluded that intrauterine
growth restriction had little clinically signifi-
cant eVect on mental performance in child-
hood or adolescence, but was a useful
surrogate for social deprivation.12
Much of the criticism surrounding the pro-
gramming hypothesis concerns the confound-
ing influence of factors other than fetal under-
nutrition operating perinatally and throughout
life.13 In particular, the socioeconomic envi-
ronment in which a child is conceived and
develops will have an eVect on both their
physical14 and mental13 development. Another
important potential confounding factor be-
tween birth weight and mental ability is
gestational age: without this information,
many studies have been unable to distinguish
low birth weight caused by prematurity from
“small for gestational age” or “intrauterine
growth restriction”.7 15 When investigating
early life influences on cognitive development,
it is therefore important to consider the com-
bination of birth weight and gestational age.16
The relation between birth weight and
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placental weight17 might also be relevant.
There is also a suggestion of a non-linear rela-
tion between birth weight and intelligence,
with relatively low cognitive performance at
the highest birth weights.9 10
There is therefore a need for further studies
of birth weight and childhood intelligence to
address these issues. Furthermore, if studies
from diVerent historical time periods find a
consistent relation, this will increase the
generalisability of their conclusions. Here we
report on a well characterised sample from a
distinct historical period. The sample’s cogni-
tive function at age 11 may be compared with
that of all 11 year old children in Scotland as a
result of the Scottish Mental Survey 1932;
gestational age can be calculated; and there is
information on socioeconomic status. We
tested the competing hypotheses that birth
weight: (1) is related to cognitive function at
age 11 independent of socioeconomic status;
and (2) acts as a mediator of the eVect of
socioeconomic status on cognitive function at
age 11. We also assessed the contribution of
other features of the child (for example,
gestational age, placental weight, age at cogni-




Detailed records of all admissions to the Edin-
burgh Royal Maternity and Simpson Memo-
rial Hospital in Scotland have been retained in
the Lothian Health Services Archive at the
University of Edinburgh. The records for 1921
include date of birth, last menstrual period
(from which gestational age can be calcu-
lated), previous pregnancies, maternal age and
address, paternal occupation (if father
known), birth weight and length, and placental
weight. The records for admissions not
relating to a live delivery were excluded, as
were records for twins. This left 985 live
singleton births.
MENTAL ABILITY DATA AGE 11
The Scottish Mental Survey was administered
under the auspices of the Scottish Council for
Research in Education (SCRE) to all children
in Scotland at school on 1 June 1932, and born
in 1921 (n = 87 498; 44 210 boys, 43 288
girls).18 This test was closely related to the
Moray House Test Number 12 used in the
“11-plus” in England, and will be referred to
hereafter as the Moray House Test (MHT).
Only a small number of children at private
schools, or those absent because of sickness,
were not tested. The maximum possible Moray
House Test score was 76, from 71 items. The
scores were concurrently validated by individu-
ally retesting a representative sample of 1000
children on the Stanford Revision of the
Binet–Simon Scale (r = 0.8).19 SCRE made the
complete set of 1932 data available for these
analyses.
Hospital birth records from 1921 were
matched with subjects’ records from the Scot-
tish Mental Survey 1932. The subject’s full
name was identified by tracing the original
birth certificate, and a match was confirmed
when full name and date of birth were
identical. A match was obtained in 449 cases
(45.6%).
STATISTICAL ANALYSES
Birth weight and other variables, even when
they were distributed along continua, were
divided into categories in some analyses for
the purposes of description and comparison
with previous studies.9–11 Models of association
were tested initially by partial correlation, with
birth measurements used as continuous, not
categorical variables. These are reported
initially unadjusted, and then adjusted for
gestational age, maternal age, parity (total
number of previous pregnancies), legitimacy
of birth, exact age (in days), and social class.
Social class was assigned from the husband’s
stated occupation (if available) according to
the standard occupational classification for the
OYce of Population Censuses and Surveys
(OPCS 1990) and by the General Register
OYce Classification of Occupations. Analysis
by both methods gave similar results (available
from the authors) and the General Register
OYce Classification is reported here. Legiti-
macy of birth was included as a surrogate
social class variable, as no social class could be
allocated where the father was not known. It is
likely that an unmarried woman with a child in
the 1920s would suVer greater social disadvan-
tage than she would today. Stepwise multiple
linear regression analysis was performed, with
Moray House Test score as the dependent
variable. All independent variables significant
at the 0.05 level were added to the models.
Results for male and female children were cal-
culated separately and in combination. In view
of previous reports of a decline in mental abil-
ity in those with highest birth weights,9 the
data were re-examined, setting a birth weight
limit of 4200 g (the point after which
intelligence score was not related to birth
weight in Sorensen et al).9 Data were analysed
using the SPSS statistical software package
(SPSS version 10.0; SPSS Inc., Chicago,
Illinois, USA, 1999). Structural equation
modelling was performed using the EQS pro-
gramme20 to test competing hypotheses con-
cerning the eVects of birth weight and




The performance of the sample on the MHT
(n = 449: 246 boys, 203 girls; mean MHT
score 36.9, SD 14.9) was significantly better
than the general Scottish population (mean
MHT score 34.5, SD 15.5; p < 0.001),
although the eVect size of the diVerence was
small (table 1). Therefore, the present sample
is not unusual with respect to the population’s
mean and spread of mental ability test scores
at age 11 years. Table 2 divides the hospital
births into those whose scores were traced,
and those whose scores were not. Of the chil-
dren whose scores were traced, 54.8% were
male, compared with 47.6% of the total
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(p < 0.05). Of these children 84.2% were
legitimate, compared with 61.8% of the total
(p < 0.001). They were more likely to have an
older mother (p = 0.001), be later in the birth
order (p = 0.009), and longer (p = 0.007).
There was no diVerence in social class
distribution between the two groups.
BIRTH CHARACTERISTICS AND MENTAL ABILITY
Mean (SD) scores on MHT test for each cat-
egory of birth measurements are reported
(table 3), both uncorrected, and then cor-
rected for gestational age, maternal age, parity,
social class, and legitimacy. Here we also
report the correlation corrected only for social
class. Birth weight was significantly related to
the Moray House Test score (uncorrected:
male r = 0.15, p = 0.02; female r = 0.21,
p = 0.03; total r = 0.17, p < 0.001; corrected
for social class (n = 395): male partial
r = 0.21, p = 0.02; female partial r = 0.22,
p = 0.02; total partial r = 0.22, p < 0.001;
corrected as above (n = 295): male partial
r = 0.23, p = 0.003; female partial r = 0.27,
p = 0.002; total partial r = 0.25, p < 0.001),
as was birth length (corrected as above: male
partial r = 0.11, p = 0.14; female partial
r = 0.17, p = 0.05; total partial r = 0.14,
p = 0.01). Birth length was no longer signifi-
cant when controlled for birth weight (birth
weight and length were significantly corre-
lated; r = 0.54, p < 0.0001). The weight of a
baby is a crude summary of its physique, and
the body proportions of the baby may be bet-
ter described using the ponderal index (birth
weight/length3), with a low ponderal index
indicating thinness.2 This measure of body
proportion has been more predictive of later
disease than birth weight alone in some
studies.2 There was no significant relation
between ponderal index and MHT score. Nei-
ther placental weight nor umbilical cord length
was significantly related to test score, nor was
the birth/placental weight ratio. Social class
was significantly correlated with MHT score
(male r = −0.33, p < 0.001; female r = −0.18,
p = 0.01; total r = −0.26, p < 0.001), but
birth weight was not directly correlated with
social class (r = −0.08, p = 0.12). There was
no significant change in the results when the
data were reanalysed excluding high birth
weights, which was done to test for a decrease
in score at the highest birth weights (correla-
tion between birth weight and MHT was: all
subjects, r = 0.24, p < 0.001; n = 449; exclud-
ing births >4200 g, r = 0.24, p < 0.001;
n = 426).
MATERNAL CHARACTERISTICS AND MENTAL
ABILITY
MHT scores related to maternal characteris-
tics (table 4) show that children born legiti-
mately had higher test scores (mean 36.9 (SD
14.9) v 31.0 (SD 15.3); p < 0.001). Increasing
maternal age was significantly related to higher
MHT test scores at age 11 for females only
(r = 0.20, p = 0.005; Spearman’s r = 0.21,
p = 0.002; the distribution of maternal age
was positively skewed), but not when cor-
rected for legitimacy. The distribution of
maternal parity was skewed, and it showed no
significant correlation with MHT scores using
non-parametric tests (Spearman’s r = −0.07,
p = 0.13).
MULTIVARIATE ANALYSES
Multivariate linear regression showed that five
predictors contributed significant and partly
independent variance to Moray House Test
scores: social class, birth weight, age at MHT
test, maternal parity, and illegitimacy. Sex,
birth length, maternal age, and gestational age
were excluded as not contributing independ-
ently to the model when the former variables
were entered. The five variables account for
15.6% of the variance (adjusted R2) in the test
score age 11. Social class contributes 6.6% (â
−0.26), birth weight a further 3.8% (â 0.20),
age 2.4% (â 0.16), parity 2.0% (â −0.15), and
Table 1 Comparison of Moray House Test scores: sample born in Royal Maternity and Simpson’s Memorial Hospital, and Scotland
Male Female Total
Sample Scotland Sample Scotland Sample Scotland
Number (%) 246 (54.8) 44 210 (50.5) 203 (45.2) 43 288 (49.5) 449 87 498
Mean (95% CI) 36.8 (35.0 to 38.6) 34.5 (34.3 to 34.7) 37 (34.9 to 39.1) 34.4 (34.3 to 34.5) 36.9 (35.5 to 38.3) 34.5 (34.3 to 34.6)
p value <0.02 <0.002 <0.001




Mean (95% CI) n*
MHT scores not traced
Mean (95% CI) n
DiVerence in means
(95% CI) p value‡
Maternal age (y) 27.0 (26.4 to 27.6) 449 25.7 (25.2 to 26.2) 534 1.3 (0.5 to 2.0) 0.001
Parity 2.4 (2.2 to 2.6) 449 2.05 (1.9 to 2.2) 536 0.3 (0.09 to 0.6) 0.009
Gestation (wk) 39.4 (39.1 to 39.7) 339 39.6 (39.4 to 39.8) 432 0.2 (−0.5 to 0.2) 0.35
Days old 3984 (3974 to 3994) 449 3989 (3980 to 3998) 536 5 (−17.2 to 8.7) 0.52
Birth weight† (g) 3317 (3267.5 to 3366.5) 449 3281 (3239.4 to 3322.6) 536 36 (−28.1 to 101.3) 0.26
Birth length (cm) 50.6 (50.3 to 50.9) 428 50.1 (49.9 to 50.3) 503 0.5 (0.14 to 0.86) 0.007
Placental weight (g) 658.8 (632.1 to 685.5) 124 641.6 (618.1 to 665.1) 113 17.2 (−28.5 to 43.1) 0.69
Umbilical cord length (cm) 56.7 (54.6 to 58.8) 121 54.0 (52.2 to 55.8) 109 2.7 (0 to 5.5) 0.06
Ponderal index (kg/m3) 25.6 (25.2 to 26.0) 428 26.1 (25.8 to 26.4) 503 0.5 (−0.002 to 1.0) 0.07
*Total number of subjects for each variable is not always 449 because of missing data.
†Original data converted to metric: 1 oz = 28 g, 1 inch = 2.5 cm, 1 lb = 453 g.
‡Calculated by paired t test on continuous variables.
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illegitimacy 1.5% (â 0.12). These contribu-
tions are all significant at the p < 0.001 level,
except illegitimacy (p = 0.009). Birth weight
therefore accounts for 3.8% of the variance of
IQ at age 11, a small, but highly significant,
eVect size. The relation persists when “low
birth weight” babies (<2500 g; n = 25) were
excluded (contribution to variance: total
15.5%, of which social class 7.9%, birth
weight 2.4%, illegitimacy 2.4%, age at MHT
test date 2.2%, and parity 1.7%; all p < 0.002
except parity p = 0.007).
Structural equation modelling was per-
formed to compare the fit of the data with two
competing hypotheses. (1) A regression model
which posits that social class and birth weight
significantly but independently contribute vari-
ance to cognitive ability. (2) A mediating
variables model in which the eVect of social
class on cognitive ability at age 11 is mediated
(partly or completely) via birth weight (fig 1).
The regression model provides the best fit for
the data, showing that birth weight, social class
and age all contribute variance independently
Table 3 Mean (SD) score in Moray House Test according to birth weight and other variables
Variable§
Male Female Total
No. Mean (SD) Partial r† p No. Mean (SD) Partial r† p No.* Mean (SD) r Partial r† p
Birth weight (g)
<2500 9 30.8 (19.3) 16 30.5 (20.1) 25 30.6 (19.4)
2501–3000 50 35.5 (13.8) 52 33.4 (16.1) 102 34.4 (15.0)
3001–3500 90 35.6 (14.7) 74 39.4 (14.4) 164 37.3 (14.6)
3501–4000 62 37.2 (15.3) 53 38.4 (14.1) 115 37.8 (14.7)
4001–4500 28 44.9 (10.6) 6 43.7 (11.5) 34 44.7 (10.6)
>4500 7 34.1 (10.5) 2 38.5 (3.5) 9 35.1 (9.4)
Total 246 36.8 (14.5) 0.23 0.003 203 37.0 (15.4) 0.27 0.002 449 36.9 (14.9) 0.17 0.25 <0.001
Birth length (cm)
<50 58 35.9 (13.6) 66 34.4 (17.5) 124 35.1 (15.8)
50–52.4 79 35.7 (14.6) 63 37.5 (14.7) 142 36.5 (14.6)
>52.5 96 38.0 (14.9) 66 39.0 (13.2) 162 38.4 (14.2)
Total 233 36.7 (14.4) 0.11 0.014 195 37.0 (15.3) 0.17 0.05 428 36.8 (14.8) 0.11 0.14 0.01
Placental weight (g)
<500 13 31.3 (14.0) 5 26.8 (7.2) 18 30.1 (12.4)
501–600 23 35.6 (13.2) 14 33.7 (20.9) 37 34.9 (16.3)
>600 38 39.9 (14.2) 30 36.2 (15.0) 68 38.3 (14.6)
Total 74 37.0 (14.1) 0.18 0.16 49 34.5 (16.3) 0.06 0.72‡ 123 36.0 (15.0) 0.15 0.09 0.34
Umbilical cord length (cm)
<55 41 36.4 (12.7) 24 30.3 (15.2) 65 34.1 (13.9)
55–62.5 20 38.0 (15.0) 13 37.0 (16.4) 33 37.6 (15.3)
>62.5 12 37.6 (18.2) 10 38.8 (15.3) 22 38.1 (16.6)
Total 73 37.0 (14.2) 0.06 0.64 47 33.9 (15.7) 0.28 0.07‡ 120 35.8 (14.8) 0.12 0.13 0.17
Ponderal index (kg/m3)
<24 70 35.2 (15.9) 82 36.4 (15.9) 152 35.8 (15.9)
24–25.4 53 37.4 (11.8) 33 37.4 (16.6) 86 37.4 (13.8)
25.5–27.9 54 36.6 (15.4) 38 38.1 (14.0) 92 37.2 (14.8)
>28 56 37.9 (14.0) 42 36.8 (14.6) 98 37.4 (14.2)
Total 233 36.7 (14.4) 0.01 0.94 195 37.0 (15.3) 0.03 0.71 428 36.8 (14.8) 0.02 0.02 0.69
*Total number of subjects for each variable is not 449 because of missing data, number of subjects for partial r ranges from 110 to 295 because of missing data and
exclusion of extreme outliers: placental weight <180 >1400 g; umbilical cord length >110 cm; gestational age <21 >58 weeks; birth length <37 >62 cm. †Corrected
for gestational age, maternal age, parity, social class, and legitimacy. ‡Corrected for gestational age, maternal age, parity, and social class. §Original data converted to
metric: 1 oz = 28 g, 1 inch = 2.5 cm, 1 lb = 453 g.
Table 4 Mean (SD) score in Moray House Test according to maternal variables studied
Male Female Total
No. Mean (SD) r p No. Mean (SD) r p No.* Mean (SD) r p
Gestational age
<37 weeks 27 34.6 (14.1) 17 39.2 (13.3) 44 36.4 (13.8)
37–42 weeks 141 38.0 (14.6) 119 37.9 (15.7) 260 38.0 (15.1)
>42 weeks 21 36.4 (13.2) 14 31.3 (18.1) 35 34.3 (15.3)
Total 189 37.3 (14.4) 0.09 0.21 150 37.5 (15.7) 0.03 0.69 339 37.4 (15.0) 0.06 0.24
Maternal age
<25 120 36.8 (14.7) 98 34.5 (14.4) 218 35.7 (14.6)
25–29 54 37.8 (12.6) 43 35.7 (14.4) 97 36.9 (13.4)
>29 72 36.2 (15.7) 62 41.9 (16.5) 134 38.8 (16.3)
Total 246 36.8 (14.5) 0.01 0.90 203 37.0 (15.4) 0.20 0.005 449 36.9 (14.9) 0.10 0.038†
Parity
0 114 38.2 (15.4) 109 37.1 (15.4) 223 37.6 (15.4)
1–2 79 37.1 (14.1) 60 38.3 (13.6) 139 37.6 (13.9)
3–4 22 33.5 (10.6) 19 32.8 (17.6) 41 33.2 (14.1)
>4 31 33.6 (14.4) 15 36.7 (19.3) 46 34.6 (16.0)
Total 246 36.8 (14.5) −0.14 0.03 203 37.0 (15.4) −0.04 0.58 449 36.9 (14.9) −0.07‡ 0.13
Legitimacy
Legitimate 204 38.4 (14.2) 174 37.6 (15.1) 378 38.0 (14.6)
Illegitimate 42 29.5 (14.2) 29 33.4 (16.7) 71 31.1 (15.3) 0.001§
*Total number of subjects for each variable is not 449 because of missing data and exclusion of extreme outliers: gestational age <21 >58 weeks.
†Spearman’s r male 0.04, p 0.52; female 0.21, p 0.002; total 0.12, p 0.009.
‡Spearman’s r.
§t test.
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to Moray House Test score age 11 (fig 2). The
model shown in fig 2 has comprehensively
good fit statistics, as follows: the average oV
diagonal absolute standardised residuals was
0.038 (the model accounts for most of the
covariance among the variables shown); the
model ÷2 was 8.86, df = 6, p = 0.18 (non-
significant ÷2 values indicate well fitting mod-
els); Bentler–Bonett normed fit index = 0.953,
Bentler–Bonett non-normed fit index = 0.973,
comparative fit index = 0.984 (values above 0.9
indicate well fitting models); all parameter
weights in the model were significant; the Wald
test found no parameters that might be
dropped and the Lagrange multiplier test
found no additional parameters that might
improve the model (neither a more nor less
economical model fits better than the one
shown). Models in which birth weight acted as
a mediator of social class had poor fit statistics
(details available from the authors).
Discussion
In this cohort social class, birth weight, age,
pregnancy number, and legitimacy of birth
contribute some non-overlapping predictive
power to cognitive function age 11 years. Birth
weight and social class explain the largest
amount of the variance, are not significantly
correlated, and each make an independent
contribution to IQ at age 11. Birth weight
explains 3.8% of the variance in IQ at age 11,
and social class accounts for 6.6% of the vari-
ance. These are small but significant eVect
sizes, and it is clear how large a proportion of
the variance remains unexplained by these
factors. Importantly, the relations in this
cohort exist across the normal range of birth
weight and mental ability. The reduced cogni-
tive test scores at high birth weights seen in
previous studies were not statistically signifi-
cant here. Our findings agree with those of
Seidman and colleagues,10 Sorenson and
colleagues,9 and Richards and colleagues8 that
birth weight and social class can explain a pro-
portion of the variance in later psychometric
intelligence. Martyn and colleagues11 found
this relation to be not statistically significant,
but used an indirect estimate of early life intel-
ligence.
The fact that the relation between birth
weight and childhood mental ability is ob-
served over distinct historical periods implies
that it is robust, making it tenable that mecha-
nisms have remained unchanged over time.
Data from historical studies can thus provide
valuable information about early life predic-
tors of disease, which are still relevant
today.2 3 14 Moreover, a major strength of this
cohort is the ability to compare performance
on cognitive testing with almost the entire
Scottish population born in the same year.
This allows us to put the scores for the sample
in the context of the whole 1921 born popula-
tion. The subjects were both male and female,
and particularly well characterised, allowing
correction for gestational age, placental
weight, and social factors. The well defined,
narrow cultural epoch minimised variation in
external, cohort specific influences on cogni-
tive development.
As in other cohort series, however, there is
significant loss to follow up. The main diYculty
was in ascertaining the correct test record for
illegitimate births, probably because the child’s
name was changed by marriage or adoption
(formal and informal). This may explain why
the test scores that were traced were signifi-
cantly better than the general population, as
illegitimate children were likely to be brought
up in relatively deprived environments, and
thus perform less well, but they are, nonethe-
less, comparable with the entire Scottish popu-
lation tested in 1932.
The suggestion that birth weight is merely a
marker of social deprivation is not supported
here. There is no direct correlation between
birth weight and social class, replicating the
Figure 1 Two competing models of the associations among
birth weight, social class, and MHT scores. The regression
model hypothesises independent eVects of parental social
class and birth weight on IQ. The mediating model
hypothesises that birth weight acts as a partial or total








Figure 2 Best fitting model of the associations among
birth weight, parental social class, and IQ at age 11 years.
Model fitting was performed using EQS.20 Note that
parental social class, birth weight, and age at test date have
independent influences on age 11 IQ. The eVect of birth
length is entirely mediated by birth weight. The numbers
adjacent to arrows are parameter weights estimated by
EQS; squaring them gives the variance shared by adjacent
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result from previous studies of the program-
ming hypothesis,21 and modelling confirmed
that the eVect of social class was not mediated
by birth weight. Having shown independent
associations among birth weight, social class,
and childhood mental ability, it is now
important to investigate potential mechanisms.
This study did not address these. Birth weight
and social class are crude markers of fetal
development and the environment in which a
child develops, and the underlying mechanism
of their influence on childhood intelligence is
unclear. The programming hypothesis has sug-
gested that shortage of specific nutrients at
critical stages of development may be responsi-
ble for the relation between birth weight and
mental ability,9 and the timing of these insults
on the developing brain is likely to be
important.4 Neurochemical influences such as
insulin like growth factors have also been
implicated.8 Ongoing deprivation throughout
life, for which social class at birth is a poor
approximation,14 plays a significant role in
determining outcome.12
The relative importance of diVerent early
life influences might have changed since the
1920s. This could aVect the relation between
early life factors and later intelligence in many
ways. For example, high infant mortality
means that the eVect of selective influences on
survival was greater. In 1921, 115 per 1000
children died by the age of 1022 (in 2000 the
mortality rate was less than 6 per 100023), and
a large proportion of these might have had
relatively low birth weights. This would tend to
decrease the strength of any relation between
birth weight and mental ability. Furthermore,
the study population was born in hospital, at a
time when the majority of births occurred at
home. A large proportion of these births was
illegitimate and, although this explains some
of the diVerences between the sample and the
population, it does not explain the relations
seen within the sample itself. The proportion
of births registered to unmarried mothers in
Scotland in 1921 was 7.1%,22 compared with
42.6% in 2000.23 Seven per cent, however,
were registered by the mother alone, implying
a similar proportion of unsupported single
mothers as in 1921, although the social impact
of an illegitimate birth is likely to have changed
considerably. Furthermore, the prevalence of
breast feeding, an important factor in physical
and mental development,24 has fallen dramati-
cally in the past 79 years, from 80% to 55% at
10 days, and from 50% to 19% at 6
months.14 23 There continues to be concern
about children’s nutrition, and the wider envi-
ronment in which many children are raised.
General standards of housing have improved,
with less overcrowding, but many children are
raised in areas of deprivation with poor hous-
ing. The degree of social inequality in
Scotland today means that postnatal influ-
ences may be more variable across communi-
ties than across time.25
Social class has been seen as a broad indica-
tor for a range of socioeconomic influences
and, therefore, in previous studies, controlling
for social class was thought to control for con-
founding by other social factors.14 A recent
study that also examined Scottish children in
1921, however, showed that social class
derived from paternal occupation may not
adequately describe the environmental influ-
ences on the developing child.14 Furthermore,
variation in income is greater within the bands
of social class than between them.24 26 There-
fore, the contribution of social class to mental
ability is likely to have been underestimated,
partly also because of the narrow range of
social class in this sample. The wider socioeco-
nomic environment27 may therefore explain a
proportion of the unexplained variance in
mental ability scores. Other influences include
genetic factors, which account for 40–70%
of the variance in mental test scores.27 Also,
birth weight is a very crude marker of fetal
growth and nutrition, and other measures of
intrauterine influences such as head size
may be important,11 but were not available to
us.
Although health care today diVers signifi-
cantly from the period studied, these historical
data are important for future studies, not least
because they show that the association between
early life factors and childhood mental ability
holds across distinct cohorts. Moreover, the
historical nature of this data provides an
opportunity to study this cohort in detail now,
in old age, to relate their childhood data to their
current health and cognition, at a time in their
lives when these are critical.
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Commentary
The hypothesis that nutritional factors may
programme the fetus and influence the risk of
subsequent death or morbidity is of consider-
able public health significance. There is a wide
range and variety of adult disability that may be
attributable to fetal and early child develop-
ment.1 The past quarter century has seen
important developments in the care of the
neonate with a corresponding improvement in
survival of ever smaller infants. This has gener-
ated questions on the quality of survival, not
only in relation to overt clinical disability but
also in more subtle and subclinical deficits of
cognitive and motor function. To be able to
obviate or ameliorate these deficits, the diVer-
ential contribution of intrauterine growth
restriction as a marker of fetal malnutrition,
preterm delivery, and social and other environ-
mental factors acting pre- or postnatally, is
needed. DiYculty in disentangling the relative
contribution made to cognitive and other defi-
cits arises because these several influences are
highly correlated and because cause and eVect
cannot be assumed.
Several geographically defined population
cohort studies, examining cognitive develop-
ment in relation to birth weight, have focused
on a comparison of low and normal birth
weight infants and found that the low birth
weight infants do not perform as well as their
normal birth weight controls.2–4 Within the low
birth weight infant group, diVerential eVects of
small for gestational age, preterm delivery, and
social factors have also been observed in
relation to cognitive function.5 The association
of birth weight and later cognitive function
among infants of all birth weights is not clear
cut. One study found no significant associ-
ation,6 while another concluded that fetal
growth may influence subsequent adult cogni-
tive function.7
The study reported by Shenkin et al uses a
historical cohort born in 1921 and found inde-
pendent associations of birth weight and social
class with cognitive function assessed when the
cohort was aged 11 years. Although birth
weight and social class had independent eVects
in a multiple regression, a statistical model of
birth weight acting as a mediator of social class
had a poor fit. The authors have done well to
link successfully almost 50% of the birth and
mental test result records as so long a time has
elapsed. Nevertheless, the problem of non-
response bias must be considered in assessing
the validity of the observations.
The fundamental question all these studies
endeavour to answer is whether the cerebral
impairment is prenatal or postnatal in timing
and whether environmental factors, of which
social class is a surrogate measure, have an
important influence. Possible preventive and
remedial measures will be dependent on the
answers to these questions. One caveat that
should be borne in mind, concerns the tests
that are used to assess cognitive function.
What do these tests actually measure? Ideally
they measure innate mental ability, whatever
that is, at a point in time. However, in spite of
eVorts to design tests that are “culture free”,
none meet this criterion, whether it is the
Moray House Test as used by the authors in
this study, the Wechsler Intelligence Scale for
Children, the Goodenough Draw-a-Man test,
or any other measure of cognitive function.
Social class diVerences in cognitive perform-
ance tests are culture dependent and it should
not be inferred that these are attributable to
diVerences in intellectual capacity or to
cerebral impairment. For example, children
who have limited access to pencil and paper
are likely to perform less well on the
draw-a-man test than those with better
resources, irrespective of their cognitive
ability. The social class cultural eVect on tests
of cognitive ability may overshadow the
social class eVect mediated through birth
weight.
Shenkin et al have provided valuable data
that will inform the debate in this important
field but the debate is likely to continue for
years to come.
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